High time service evaluation of thermal barrier coatings on the Rolls-Royce RB211 engine by Toriz, F. Chris
HIGH TINE SERVICE EVALUATION OF THERElAL BARRIER COATINGS 
ON THE ROLLS-ROYCE R B 2 1 1  ENGINE 
F. Chris Toriz 
Rolls-Royce Inc. 
Atlanta ,  Georgia 
One of t h e  main concerns of a i r l i n e  opera tors  f o r  t h e  use of thermal b a r r i e r  
coa t ings  (TBC) i n  t he  turb ine  is  t h a t  t he  coa t ing  w i l l  spa11 and cause a 
pre-mature engine removal. Even though much c y c l i c  d a t a  i s  a v a i l a b l e  on TBC' s ,  
h igh t i m e  da ta  is  much harder  and expensive t o  come by. The t y p i c a l  150 hour 
type test used t o  q u a l i f y  new hardware, o r  modif icat ions,  f a l l s  f a r  s h o r t  of 
the  5-10,000 hour experience desired.  
One way t o  ob ta in  da t a  demonstrating t h e  longevi ty  of TBC'S is through a 
se rv ice  eva lua t ion  program on a commercial engine. 
eva lua t ion  of t h e  TBC system it  must be appl ied t o  a component which opera tes  
i n  a t y p i c a l  hot  end environment. 
should not  s u f f e r  i f  t he  coat ing i s  l o s t .  
t o  coat  t h e  I P  t u rb ine  nozzle guide vanes, and run these  i n  an R B 2 1 1  engine. 
For a meaningful 
In  add i t ion  t h e  component performance 
For these  reasons Rolls-Royce chose 
Two ceramic top coa t s  and seve ra l  d i f f e r e n t  bond coa t s  were t e s t e d  i n  a 
raiinbow fash ion  on seve ra l  engines. 
as a base  l i n e .  
MCrAlY bond coa t s  which were appl ied by var ious  techniques.  Some of t he  
coated vanes have now accumulated over 5000 hours. 
r e s u l t s  from the  f i r s t  2 sets with 2500 and 4200 hours of service 
re spec t ive ly  . 
Three l a y e r  Magnesium Zirconate  w a s  used 
Various Yttria s t a b i l i z e d  Zirconia ceramics were used a top 
This  r epor t  p re sen t s  t he  
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Compare various TBC systems in the turbine environment 
(compare to Uag Zircl. 
2. Determine effects of long time exposure 
(and of cycles). 
3. Correlate Carousel rig testing vs. engine data. 
4. identify nev coating systems vorth testing. 
Figure 1. - Thermal b a r r i e r  coa t ing  (TBC's) se rv ice  evaluat ion goals .  
TBC COATING 
Figure 2. - RB-211 intermediate-pressure (IP) t u rb ine  nozzle  guide vane (NGV) wi th  
thermal b a r r i e r  coa t ing  f o r  s e r v i c e  evaluat ion.  
IDENT BOND CERAUiC BOND COAT ON TOTAL 
YETHOD ENGINES VANES 
A 443+441 210 YZ Plasma I234 22 
B 443 210 YZ Plasma 12 12 
C 443 YSZ Plasma I234 22 
D NiCoCrAiY YSZ LPPS , I a234 26 
E NiCoCrAlY YSZ Ar Shrouded 1234 21 
G NlCoCrAlY YSZ Air Sprayed 34 10 
Uncoated Vanes 5 
TOTALS I14 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
..................................... ..9....=.*.*.9...9.. 
Figure 3. - RB-211 se rv i ce  eva lua t ion  of intermediate-pressure turb ine  nozzle guide 
vanes with thermal b a r r i e r  coat ings.  
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ENGINE ENGINE FLIGHT INSPECTED 
BUILD Elo. HOURS at-hours 
1 I0676 5068 4160 
2 I OS76 5250 2539 
3 10650 3818 3818 
4 I0398 4272 
. - - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ ~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
-- 
Figure  4 .  - Thermal b a r r i e r  coa t ing  in te rmedia te -pressure  t u r b i n e  nozz le  guide vane 
s e r v i c e  e v a l u a t i o n  as  of March 1985. 
BUILD 1 
1 
Coating Po sit ion 
A U443+44 I t 2  I OUZ 6:OO 
B u443 t 210uz 3:OO 
c u443 + YSZ I2:OO 
E NiCoCrAIY'+ YSZ 9:00 
. . . . . . . . . . . . . . . . . . . . . . . . . .  
U=Uetco.UZ=Uag Zlrc 
YSZ=Yttria stabilized Zirconia 
BUILD 2 
Coating Posit ion 
A U443+44 I t 2  I OUZ 3:30 
B u443 + 210uz I :30 
c u443 + YSZ 11:oo 
0 NICoCrAIY*+ YSZ 9:OO 
E NiCoCrAiY't YSZ 6:OO 
. - - - - _ - - _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ _  
I=Ar Shrouded. 2=lPPS 
Figure  5. - R B - 2 1 1  s e r v i c e  eva1uat:ion of in te rmedia te -pressure  t u r b i n e  nozz le  guide 
vanes wi th  thermal  b a r r i e r  coa t ings .  
. 
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ORIGINAL PAGE IS 
OF P(30R QUALITY 
ONGINAL PAGE IS 
QE M O R  QUAIJTY 
r 
METCO 4 4 3  + YSZ (Typica l )  
LPPS MCrAlY + YSZ (Typica l )  
Argon Shrouded M C r A l Y  + YSZ (Typical)  
F igure  6. - Concluded. 
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B U443 t 21OUZ 3:OO B U443 t 21OUZ 1:30 
c u443 t YSZ 12:oo c u443 t YSZ 11:oo 
E NiCoCrAlY ' t YSZ 9:OO D NiCoCrAIY*t YSZ 9:00 
E NiCoCrAIY't YSZ 6:OO 
U=Uetco,UZ=Uag Zirc 
YSZ=Yttria stabilized Zirconia I =Ar Shrouded, 2=LPPS 
Figure 7. - RB-211 service evaluation of intermediate-pressure turbine nozzle guide 
vanes with thermal barrier coatings. 
1 9 2  
ORIGINAL PAGE IS 
DE P@OR QUALII*Y: 
Figure  8. - RB-211 s e r v i c e  eva lua t ion .  
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I 
3 Layer Mag. Z i rc  
3 Layer Mag. Z i r c  
2 Layer Mag. Zirc (Worst) 
F igu re  9. - RB-211 s e r v i c e  e v a l u a t i o n  of engine b u i l d  no. 1 wi th  4106 h r l2271  cycle:  
ORIGINAL PAGE IS 
OR R W R  QUALITY 
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€‘@OR QUALITY 
2 Layer Mag. Zirc (Typical)  
METCO 4 4 3  (Worst) + YSZ (Typical)  
Argon Shrouded M C r A l Y  + YSZ (Worst) 
F igu re  9. - Concluded. 
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Figure  10. - Serv ice  eva lua t ion  of thermal  b a r r i e r  coa t ings  on in t e rmed ia t e -p res su re  
t u r b i n e  nozz le  guide  vanes. 
1. Uag Zirc is not adequate in the turbine. 
2. Two layer Uag Zirc will out last 3 layer UZ. 
3. Yttria stabilized Zirconia should do the job. 
4. To date the Argon Shrouded bond coat looks best. 
Figure  11. - Thermal b a r r i e r  coa t ing  s e r v i c e  eva lua t ion  conclus ions .  
196 
